4A3435).
We examined three tissue samples from each of four cows with non-lesional skin, tissue samples from a cow with multiple cutaneous mast cell tumors, and samples from another cow in which mast cells were infiitrating multiple lymphosarcomas of the skin, for the presence of tryptase and chymase by enzyme cytochemical and immunohistological methods. The enzyme activities of tryptase and chymase were tested using N-carbobenzoxy-glyc~glycil-~-arginine-~-naphthylamide (2-Gly-Gly-Arg-NA) and naphthol-AS-D-chloroacetate (N-AS-D-CA) as substrates, respectively. Tryptase reactivity could be demonstrated in frozen and Carnoy-fixed p a d m sections. Chymase reactivity was seen in neither frozen nor paraffin sections of formalinor Carnoy-Fied s k i n tissues. Antibody linkage with a polydod rabbit anti-human skin trypase antibody was highly specific in bovine normal cutaneous, infiltrating, and tumor mast cells. More than
[ntroduction
Mast cells are a constituent of normal skin and occur regularly in Axoliferative growths or accompanying skin lesions induced by infectious, physical, or parasitic agents. Their role in various forms of cutaneous inflammation (20) and in development of tissue fibrosis (2,7) is best studied in humans.
Enerback (8) observed that rat intestinal mucosal mast cells displayed metachromatic staining after fixation in Carnoy's solution but not when fixed in neutral buffered formalin. In contrast, connective tissue mast cells in the intestinal submucosa, retained their metachromatic staining properties regardless of the fixative used.
Correspondence and present address: Dr. Monika M. Welle, Institut fur Tierpathologie Universitat Bern, Engassstr. 122, CH-3012 Bern, Switzerland. 90% of the tumor mast cells were distinctly trypase-positive. With alcian blue, only slightly more than 10°/o of the mast cells stained dearly positive and with methylene blue hardly any staining of mast cell granules could be demonstrated. No antibody labeling of mast cell granules in any of the tissue sections was detected by the use of rabbit anti-dog Since then, efforts have been made to distinguish mast cells in various species according to their histochemical staining and their functional characteristics.
Variations in fixation properties provided the first experimental evidence suggesting the existence of different types of human mast cells (22), to some extent similar to the situation described in rodents (8) . In humans, heterogeneity of mature mast cells has been determined by their neutral protease composition (13~9) and by their functional response to non-immunological activation (14). Whereas TC mast cells contain both tryptase and chymase and predominate in the skin, T mast cells contain only tryptase (13) and predominate in the lung.
Recently, canine tumor mast cells have been shown to contain both tryptase and chymase activity ( 5 ) .
The present study was carried out to elucidate the presence and reactivity of tryptase and chymase in bovine cutaneous tissue and 1139 infiltrating mast cells and in tumor mast cells. We wished to investigate the effects of Carnoy and formaldehyde fixation on bovine mast cells in relation to the enzyme cytochemical and immunohistological staining methods. Furthermore, the detection of mast cell proteases could be a helpful tool for diagnosis of poorly differentiated skin tumors.
Materials and Methods
The lesional skin samples were obtained from two cows presented to the Clinic for Ungulates, Reproduction and Housing Hygiene of the Freie Universitat Berlin. The skin lesions from both cows were circular or ellipsoidal and from several millimeters to 5 cm in diameter. The nodules of the mast cell tumors (mctlb) were covered by intact epidermis showing local alopecia. The lymphosarcomatous lesions (lysarclb) were ulcerated, with a scabby surface. Lesions were found over the entire surface of both cows. During the clinical observation period, new lesions continually appeared in both cases. Tumor specimens were excised surgically or immediately after death. At necropsy, tissue samples of lymph nodes and internal organs were obtained.
The non-lesional skin was obtained from four slaughter cows (skin/b 1-4). Tissue samples were taken from the skin of the forehead, the abdomen, and the rump. Skin specimens were fixed in 8% buffered formalin overnight or in Carnoy's fixative for 4 hr and then embedded in paraffin. In addition, tumor samples of approximately 8 mm3 were placed in mounting solution for frozen sections (Tissue-Tek; Miles, Elkhart, IN), snap-frozen in liquid nitrogen, and stored at -81'C. Serial sections of 4 pm (paraffin) or 6 pm (frozen) were cut from each tissue block. One section of each tissue sample and each fixation was stained with hematoxylin and eosin (H&E). Another section was stained with methylene blue to demonstrate the sulfated acid glycosaminoglycans (GAGs) in the mast cell granules. For detection of non-sulfated acid GAGs, another section of each specimen was stained with alcian blue and PAS reagent.
Enzyme cytochemical studies for detection of tryptase and chymase were carried out as described by Caughey et al. (4), with slight modifications. Paraffin-embedded tissue sections were dewaxed in xylene. To stain for tryptic activity, a freshly prepared and filtered reaction mixture containing 0.54 mM 2-Gly-Gly-ArgNA (Sigma; Deisenhofen, Germany), 0.22 mM Fast Garnet GC Salt (Sigma), and 3.8% dimethylformamide (Merck; Darmstadt, Germany) in 50 mM Tris-HC1 (pH 6.8; Merck) was used. After incubation for 45 min at 30% in the reaction mixture, the slides were immersed in 1% cupric sulfate (Merck) for 10 min at Z O T , washed in de-ionized water for 5 min, and counterstained in an aqueous solution of 0.1-0.2% Lichtgriin containing 0.2% glacial acetic acid for 4 min and coverslipped in Kaiser's glycerin-gelatin (Merck). To stain for chymotryptic activity, a mixture was prepared containing 0.53 mM naphthol-AS-D-chloroacetate (Sigma) as substrate, 0.3 mM Fast Blue BB Salt (Sigma). 40 mM NaF (Sigma), and 1% Triton X-100 (Fluka Chemie; Buchs, Switzerland) in 50 mM %is-HCI (pH 6.8). Before addition to the buffer, substrate and dye were dissolved in dimethylformamide (Merck), whose final concentration in the reaction mixture was 3.8% by volume. After incubation times of 90, 120. and 180 min in this solution at 30"C, slides were rinsed in water, counterstained with 0.05% basic fuchsin for 10-30 sec, and coverslipped with Kaiser's glycerin-gelatin. Enzyme cytochemical reaction of chymase was also performed with a commercially available detection kit (Sigma).
For immunohistological labeling of the paraffin-embedded tissue sections, a three-step procedure using the alkaline phosphatase anti-alkaline phosphatase (APAAP) detection system (Dianova; Hamburg. Gemany) with naphthol-AS-MX-phosphate (Sigma) as substrate and Fast Red TR (Sigma) for visualization was employed.
In detail. the immunohistological procedure was as follows. Tryptase was detected with a polyclonal rabbit anti-human skin tryptase antibody (10) in dilutions of 1:400, 1:800, 1:1000, 1:1500, and 1:2000. Rabbit antidog chymase antiserum (18) was used in dilutions of 120, 1:100, 1:200, 1:300, 1400, and 1:500. After dewaxing of the sections in xylol and acetone for 15 min each, they were pre-digested with 0.1% Protease XIV (Sigma) for 10, 5, or 2 min, or not at all, before the primary antibody was applied for 30 min. This incubation was followed by mouse anti-rabbit IgG (MOO; Dianova). Next, the sections were incubated with a rabbit anti-mouse antibody (1:lOO; Dianova) for 30 min. This step was followed by incubation for 30 min with the APAAP complex (1:lOO). The incubation with the mouse anti-rabbit IgG and the APAAP complex was performed twice. Between each step the sections were washed thoroughly in TBS (pH 7.4). The antibody and the APAAP complex were diluted in RPMI buffer (pH 7.4). The alkaline phosphatase substrate was prepared by dissolving 20 mg naphthol-AS-MX-phosphate in 2 ml dimethylformamide and then adding 98 ml TBS (pH 8.2). Immediately before this preparation was used, Fast Red TR (100 mg) and levamisole (1 M, 2.408 mg) were added. Incubation with the substrate was performed for 30 min with continuous agitation. After that, sections were rinsed in tapwater, counterstained with hematoxylin, and mounted in Kaiser's glycerin-gelatin. Negative controls, performed by omitting the incubation with the primary antibody, were done for each tissue specimen in each fixation.
To rule out the absence of anti-chymase labeling in bovine tissue as a result of enzyme denaturization, additional labeling of frozen sections was performed. Because of our better experience with the avidin-biotin complex (ABC) detection system (12) (Vector; Burlingme, CA) for frozen sections, antibody linkage was visualized by this method. Endogenous peroxidase activity was blocked by immersing the slides for 30 min in a 3 % solution of H202 in absolute methanol. Anti-chymase serum diluted 1:lOO or 1:500 was applied overnight at 4°C. After the sections were washed in PBS, they were incubated with the biotinylated mouse anti-rabbit secondary antibody and the avidin-biotin complex for 30 min each at room temperature. Slides were washed between each step in a modified PBS buffer (95% PBS, pH 7.4, and 5% Tris-HC1, 1 M). The chromogen 3-amino-9-ethylcarbazole was applied to the slides for 20 min at 37°C. Slides were then counterstained with hemalum.
A human skin specimen (skin/h), a canine cutaneous mast cell tumor (mctlc), a canine skin specimen (skink), and a bovine duodenum specimen (duod/b) were used as control material for the anti-human skin tryptase and the anti-dog chymase antibodies, respectively.
Quantification of the mast cells was performed by using an eyepiece graticule with a side length of 10 mm into 100 fields (eyepiece x 10, objective x 40). We counted 1000 cells in each tissue section and in three sections of each staining procedure
Results

Histological Findings
In the non-lesional skin samples, mast cell detection by H&E was uncertain. The distribution and density of mast cells revealed with methylene blue (Figure 1) and alcian blue were similar.
With H&E staining, the mast cell tumor (mct/b) appeared as a solid cutaneous tumor extending in dense sheaths from the stratum papillare deep into the corium, thus bulging the intact epidermal surface. There were only few atrophic hair shafts left. Cells showed round to oval nuclei, speckled chromatin, faint nuclear wall hyperchromasia, and large, polygonal, moderately eosinophilic granular cytoplasm (Figure 2) . By pathohistological examination of the peripheral and abdominal lymph nodes, no metastases were observed.
The lymphosarcoma (lysarcl b) was a multinodular cutaneous tumor located primarily at the interface of upper and lower dermis and was composed of small cells with little cytoplasm and dark, round nuclei resembling lymphocytes. There was an increase of hair shafts in the area of tumor development and epidermal cell layers were reduced but covered with thick masses of horn and detritus. There was pronounced edema in the subepidermal tissue (Figure  3) . In ulcerated nodules, necrosis and acute inflammation characterized the surface. No metastasis was observed in peripheral and abdominal lymph nodes. With methylene blue, the mast cell tumors showed a sparse distribution of faintly positive-staining tumor cells. They amounted to 9.4% in formalin-fixed specimens and 11.5% in Carnoy-fixed tissues. Most of the nuclei were pale blue; the cytoplasm was a homogeneous blue in cells without metachromasia. In the alcian blue-PAS reaction, 88.2% of formalin-fixed cells were positive and 86.7% of Carnoy-fixed tumor cells showed faint cytoplasmic granule staining of variable size and intensity. Correspondingly, 11.8% of formalin-fLued cells and 13.3% of Carnoy-fixed cells showed strong granule staining. In the tumor cells of the lymphosarcomatous lesions stained with methylene blue, there were many intensely metachromatic mast cells, regularly distributed and amounting to 10.1% of formalin-fixed cells and 14.2% of Carnoy-fixed cells. The cytoplasm was elongated, and the nuclei were oval and obscured by metachromatic granules. The alcian blue-PAS stain revealed an almost equal number of orthochromatic granular cells.
Enzyme Cytochemicd Staining
By enzyme cytochemical reaction with 2-Gly-Gly-Arg-NA, similar numbers of positive cells as for the metachromatic staining method were detected in the non-lesional tissue in Carnoy-fixed paraffin sections (Figure 4) .
The vast majority of cells in frozen sections of the mast cell tumor showed a brown reaction product. In Carnoy-fixed paraffin sections, there was diffuse reddish-brown staining within the cytoplasm of almost all tumor cells, in clear contrast to the green counterstain. A reaction product was also visible in 11.8% of cells in Carnoy-fixed sections and in 11.9% of cells in the frozen sections of the lymphosarcomatous lesions. No tryptase activity was demonstrated in any cells of the formalin-fixed paraffin sections.
Chymase reactivity was not seen in frozen or paraffin sections with either type of fixation, of either in the tumor or in the infiltrating or normal skin mast cells. Mast cells of all skin tissues were also chymase-negative when tested for naphthol-AS-D-chloroacetate esterase with a commercially available detection kit.
In canine tumor (mctk), canine cutaneous (skink), and in bovine duodenal (duodlb) control tissues, mast cells showed intense chymase reactivity, both in formalin-and Carnoy-fixed paraffin sections, with either method.
ing mast cells were intensely stained, in clear contrast to the majority of the unstained lymphoid tumor cells (Figure 7) .
No anti-chymase antibody linkage was detected in normal skin or in infiltrating or tumor mast cells in paraffin or frozen material in any of the bovine tissue sections. There was also no positive staining detectable in the bovine duodenal control tissue. Mast cells in all canine controls stained specifically positive at a dilution of The histological, enzyme cytochemical, and immunohistological staining and labeling results of bovine skin and tumor tissues are summarized in Table 1 . The staining properties of the control material are shown in Table 2. 1: 300-1: 5 00.
Discussion
On the basis of the gross and microscopic appearance of the lesions stained with H&E and of the staining reactions of the granules with methylene blue and alcian blue-PAS, the skin tumors of mctlb were classified as mast cell tumors and those of lysarclb as multiple lymphosarcomas with reactive tissue mast cells.
The mast cell tumor is one of the most common skin tumors in the dog but has been reported only occasionally in cattle (1,3,  6,9,11,15,16,20-22) . These tumors are, as in other species, considered potentially malignant (3). Nevertheless, very little is known about the tumorogenesis of these tumors in all species. It is hoped that further research into mast cell proteases will help to clarify the etiology of mast cell tumors.
We were able to show strong tryptase antibody binding in normal bovine skin, in infiltrating as well as in nearly all tumor mast cells. These data suggested that tryptase is a constituent of bovine skin and of reactive and tumor mast cells. Our findings that tryptase reactivity is apparent only in frozen and in Carnoy-fixed sections but not in corresponding formaldehyde-fixed tissues demonstrate the superiority of Carnoy's fixative for enzyme preservation in skin tissues. Caughey et al. (4) found 2-Gly-Gly-Arg-NA to be a sensitive substrate for canine tryptase. For human tryptase, Harvima et al. (10) found the substrate 2-Gly-Pro-Arg-MNA to be sensitive and selective. Whether tryptase reactivity can be demonstrated also in formalin-fixed paraffin sections with a more suitable substrate remains open to further investigation.
Considering the fact that with methylene blue only 9.4% of formalin-fixed and 11.8% of Carnoy-fixed tumor mast cells showed faint metachromasia, whereas with alcian blue-PAS nearly all cells of the mast cell tumor showed granulation of variable intensity, it can be concluded that all tumor mast cells store non-sulfated GAGs in their granules, whereas only -10% contain sulfated GAGs. Based on the weak staining intensity with both dyes in the majority of the cells, it can be assumed that the total acid GAG content in these tumor mast cells is low. These findings are in agreement with prior reports concerning granule formation in canine mast -cells (17). The strong tryptase labeling of the mct/b indicates that in these poorly differentiated bovine tumor mast cells tryptase formation is retained, even in cells that have lost the abilitv to form
Immunohistochemical Enzyme Detection
Anti-tryptase antibody linkage proved to be highly specific, lead-, ~~~~ ing to an intense staining of normal skin ( Figure I) , tumor, and infiltrating mast cells, even at a dilution of 1:2000. More than 90% of the tumor mast cells showed distinct to strong tryptase antibody binding (Figure 6 ). In the lymphosarcomatous lesions. the infiltrat-sulfated GAGs and produce only very little non-sulfated GAGs. Therefore, tryptase labeling at the onset of granule formation is very helpful as a diagnostic tool for the interpretation of methylene blue-negative round cell tumors. No naphthol-AS-D-chloroacetate esterase activity could be demonstrated in any of the bovine skin tissues examined. In contrast, the bovine duodenal control section showed strong reactivity even in formalin-fixed material. Therefore, it can be concluded that the examined bovine tumor, reactive, and normal skin mast cells do not possess any chymase at all. Another reason for chymase inactivity may be the action of al-anti-chymotrypsin, previously demon-strated in human mast cells. Since this inhibitor is also degraded efficiently by chymase, their interaction may be quite complex (18) . In addition, this protease may possess only unusually low activity or it may not have normal access to the substrate. Further studies are needed to test these possibilities.
Positive chymase antibody labeling could be demonstrated neither in the bovine skin specimens nor in the duodenal control, whereas in the canine controls it was clearly positive. Apparently, antigenetic differences between canine and bovine chymase preclude binding of the antibody employed to the bovine enzyme. In summary, tryptase is a constituent of all the bovine mast cells investigated and can therefore be considered a helpful diagnostic tool for interpretation of undifferentiated round cell tumors. Because no chymase was detected in bovine skin tissues, it can be concluded that bovine skin mast cells express at least one protease component similar to human and canine mast cells. Further investigations into the incidence of chymase and variable tryptase activities and into the effect of specific inhibitors in other bovine tissues, such as lung, intestine, and uterus, are necessary to define mast cell subtypes in cattle.
